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HISTORY OF DEVELOPMENTAL BIOLOGY 
 

Aristotle:  
The first known study of comparative embryology. In The Generation of Animals, he noted 
oviparity in birds, frogs and most invertebrates, viviparity as in placental mammals and 
ovoviviparity as in certain reptiles and sharks. 
He identified two major patterns of cell division- holoblastic and meroblastic 
 He first figured out the functions of the mammalian placenta and umbilical cord. 
 
William Harvey:  
In 1651 gave Ex ovo Omnia (all from egg) even mammals generate from egg. 
He was first to see the blastoderm of the chick embryo. 
He was first to notice the that “islands” of blood tissue form before the heart does. 
He suggested that amniotic fluid act as shock absorber for the embryo. 
 
 
Marcello Malpighi: 
First microscopic account of chick development in 1672.  
 
 
 

EPIGENESIS AND PREFORMATIONISM 
 
Whether the organs of the embryo are formed de novo at each generation (epigenesis) or 
whether the the organs are already present, in miniature form, within the egg or sperm 
(preformationism). 
 
 
Preformationism: According to this view, all the organs of the adult were prefigured in 
miniature within the sperm or (more usually) the egg. Organisms were not seen to be 
“constructed” rather “unrolled” or “unfurled”. 
Malpighi showed that the unincubated chick egg already had a great deal of structure. 
 

1. If all organs are prefigured, embryonic development merely required the growth of 
existing structures, not the formation of new ones.  

2. Just as the adult organism was prefigured in the germ cells, another generation already 
existed in a prefigured state within the germ cells of the first prefigured generation. 
 
The theory failed due to its inability to account for the intergenerational variations. For 
instance, the children of white and black parent would have intermediate skin color- an 
impossibility if inheritance and development were solely through either the sperm or 
the egg. 



 
Epigenesis : The view was supported by Aristotle and Harvey.  
With the failure of preformationism, epigenetic view was revived at the same time. By carefully 
observing the development of chick embryos, Kasper Friedrich Wolff demonstrated that the 
embryonic parts develop from tissues that have no counterpart in the adult organism. The heart, 
intestine, and blood vessels (which, according to preformationism, must be present from the 
beginning) could be seen to develop a new in each embryo. 
Wolff postulated an unknown force (“essential force”) analogous to those of such as gravity 
and magnetism, would organize embryonic development. 
 
Immanuel Kant (1724-1804) and his colleague Friedrich Blumenbach (1752-1840) made an 
attempt of reconciliation between preformationism and epigenesist. Development could 
proceed through a predetermined force inherent in the matter of the embryo. In this hypothesis, 
wherein epigenetic development is directed by preformed instructions, we are not far from the 
view held by modern biologist that most of the instructions for forming the organism are 
already present in the fertilized egg. 
  

SPECIFICATION 
 

• It is the first stage of commitment. 
• The fate of a cell or tissue is said to be specified when it is capable of differentiating 

autonomously (i.e., by itself) when placed in an environment that is neutral with respect 
to the developmental pathway, such as in petridish or test tube. 

• At this stage, cell commitment, cell commitment is still labile (i.e. capable of being 
altered). If a specified cell is transplanted to a population of differently specified cells, 
the fate of the transplant will be altered by its interactions with its new neighbors. 

 
Three major strategies that embryo can exhibit: 
 
Autonomous specification: 
In this specification, the cell “knows” very early what it is to become without interacting with 
other cells. 
Different regions of the egg contain different morphogenetic determinants that will influence 
the cell’s development. These determinants are molecules often transcription factors that 
regulate gene expression in a manner that directs the cell into a particular path of development. 
For instance, even in the very early cleavage stages of the snail Patella, blastomeres that are 
presumptive trochoblast cells can be isolated in a petri dish. There, they will develop into the 
same ciliated cell types that they would give rise to in the embryo. This suggest that the early 
blastomeres are already specified.  
 
Conditional specification: 
It is the process by which cells achieve their respective fates by interacting with other cells. 
Here, what a cell becomes is specified by the array of interactions it has with its neighbors, 
which may include cell to cell contacts, secreted signals, or the physical properties of its local 
environment. For example, if cells from one region of a vertebrate blastula (e.g. frog, zebrafish, 
chick or mouse) whose fates have been mapped to give rise to the dorsal region of the embryo 
are transplanted into the presumptive ventral region of another embryo, the transplanted 
“donor” cells will change their fates and differentiate into ventral cell types. 
 
 



Syncytial Specification: 
It is the third strategy that uses elements of both. A notable example of an embryo that goes 
through a syncytial stage i.e. syncytial blastoderm is found in insects (Drosophila 
melanogaster). Cell fates for those cells to become the head, thorax, abdomen and tail are 
specified before cellularization. The determination factors are segregated to discrete locations 
in the blastoderm to determine identity, as in autonomous specification. The nuclei in this 
syncytium obtain their identity from their position relative to neighboring nuclei, as in 
conditional specification. 
 

DETERMINATION 
 
It is the second stage of commitment. 
A cell or tissue is said to be determined when it is capable of differentiating autonomously even 
when placed into another region of the embryo or a cluster of differently specified cells in a 
petri dish. If a cell or tissue type is is able to differentiate according to its specified fate even 
under these circumstances, it is assumed that commitment is irreversible. 
 
 

CELL DIFFERENTIATION 
 
A process during which a cell ceases to divide and develops specialized structural elements 
and distinct functional elements and distinct functional properties. 
It is the last stage in a series of events that commit an undifferentiated cell of an embryo to 
become a particular cell type. Example: a red blood cell obviously differs radically in its protein 
composition and cell structure from lens cell in the eye or a neuron in the brain. 
 
Differential gene expression: 
It is the process by which cells become different from one another based upon the unique 
combination of genes that are active or “expressed”. By expressing different genes, cells can 
create different proteins that lead to the differentiation of different cell types. 
 
There are three postulates of differential gene expression: 

1. Every somatic nucleus of an organism contains the complete genome established in the 
fertilized egg. In molecular terms, the DNAs of all differentiated cells are identical. 

2. The unused genes in differentiated cells are neither destroyed nor mutated; they retain 
the potential for being expressed.  

3. Only a small percentage of the genome is expressed in each cell, and a portion of the 
RNA synthesized in each cell is specific for that cell type. 

 
Four levels at which differential gene expression can be regulated: 
1. Differential gene transcription regulates which of the nuclear genes are transcribed into 

nuclear RNA. 
2. Selective nuclear RNA processing regulates which of the transcribed RNAs are able to 

enter the cytoplasm and become messenger RNAs. 
3. Selective messenger RNA translation regulates which of the mRNAs in the cytoplasm 

are translated into proteins. 
4. Differential protein modification regulates which proteins are allowed to remain and/or 

function in the cell. 
 



Some genes are regulated at all these levels such as those coding for globin protein subunits of 
hemoglobin. 
 

MORPHOGENESIS 
 
The different cell types of an organism do not exist as random arrangements. Rather, they form 
organized structures such as limbs and hearts. Moreover, the types of cells that constitute our 
fingers, bone, cartilage, neurons, blood cells and others are the same cell types that make up 
our pelvis and legs. Somehow, the cells must be ordered to create different shapes and make 
different connections. This construction of organized form is called morphogenesis. 
 

• Communication between cells is achieved by informational molecules that are either 
secreted or positioned in the cell’s membrane. 

• When these molecules bind to receptors on neighboring cells, they set off a cascade of 
intracellular reactions that result in changes in gene expression, enzymatic activity, and 
cytoskeletal arrangements, affecting cell fate, cell behavior, and cell shape.  

• Differential adhesion of cells to one another can influence the spatial organization of 
cells within the embryo and organs; it is often mediated by the homophilic binding of 
cadherin receptors. 

• Specialized protrusions from cells, such as non motile cilia and long filopodia-like 
extensions also play major roles in cell communication. 

• Secreted signaling proteins like FGFs, Hedgehogs, Wnts, and BMPs function as 
morphogens that induce changes in gene expression depending on their concentrations. 

• Lastly, cell-adjacent juxtracrine signaling can influence polarized cell patterning across 
the tissues. 

• All these mechanisms together direct cell-fate patterning and morphogenesis in the 
embryo. 

 
Morphogen: A morphogen is a diffusible biochemical molecule that can determine the fate of 
a cell by its concentration. That is, cells exposed to high levels of a morphogen activate 
different genes than those cells exposed to lower levels. 
 
 
 
For more details kindly refer the : 
*Source: Developmental Biology, Gilbert  

 
 
 
 


